Background: Information regarding the performance of the i-STAT, a point-of-care
| INTRODUCTION

Calcium (Ca
2+
) plays very important roles in the body, and one of the difficulties in cattle is the maintenance of normal blood Ca 2+ concentrations. 1 Hypocalcemia is an important and prevalent problem on dairy farms. Hypocalcemia predisposes cattle to various metabolic and infectious disorders, including ketosis, displaced abomasum, mastitis, and fatty liver. 1, 2 Hypocalcemia impairs neutrophil function and increases the risk of metritis. 3 It was stated that milk fever and subclinical hypocalcemia should be considered gateway diseases that greatly reduce the chance of a return to full
| MATERIALS AND METHODS
| Animals, blood samples, and measurements
One hundred twenty-one cattle diagnosed with various diseases were enrolled in this prospective study. This study was approved by the Firat University Ethics Committee on Animal Experimentation.
Cattle with different systemic disorders were selected to obtain a wide range of iCa 2+ measurements.
Blood samples were taken from the left or right jugular vein of cattle and placed in blood gas syringes that contained 80 IU dry, electrolyte-balanced heparin (Pico 50, Radiometer Medical). 9, 10 The volume of the blood gas syringe was 0.5-2 mL, and about 1.5 mL of a blood sample was aspirated into a syringe. The blood samples were run within 30 minutes of collection and were mixed by gentle manual rotation and inversion of the syringe before the analysis.
Blood samples from the same syringe were introduced into the i- The intra-assay coefficient of variation of both analyzers was determined from 10 replicates of low and high iCa 2+ concentrations.
| Statistical analysis
The Kolmogorov-Smirnov test was employed to evaluate normality.
The analysis conducted by the Radiometer ABL800 FLEX was considered the reference method, and the i-STAT served as the test method.
The Passing-Bablok regression analysis was used to evaluate the best linear fit for the i-STAT. 11, 12 Data were also subjected to Bland-Altman plot analysis, in which the difference between two measurements, obtained by different analyzers, was plotted against their means. 
| RESULTS
The cattle breeds were Simmental (n = 87), Holstein (n = 18), and
Brown Swiss (n = 16). There were 110 female and 11 male cattle, ranging from 1 day to 8 years of age. Tentative diagnoses were ali- 
| DISCUSSION
We evaluated the performance of the i-STAT in measuring iCa 2+ concentrations in cattle with various disorders in the present study.
To the best of our knowledge, two studies have assessed the performance of the i-STAT in measuring iCa 2+ in cattle. In one study, only 24 blood samples from 24 clinically healthy cattle were tested, 7 and in the other study, a total of 101 healthy periparturient cows were used. 8 However, the use of 121 cattle with different diseases in our study enabled us to investigate a wide range of iCa 2+ concentrations. In the current study, the range of iCa 2+ concentrations mea- The mean iCa 2+ bias was −0.01 mmol/L when human blood collected in a heparin-balanced syringe was tested promptly after blood collection vs 7 hours later. 15 For these reasons, we used the Pico 50 syringes containing electrolyte-balanced heparin in this study. The i-STAT measures the iCa 2+ concentration in about 2 minutes, but the Radiometer ABL 800 FLEX gives the result within 1 minute. Therefore, blood samples were introduced into the i-STAT and then immediately into the Radiometer ABL800 FLEX analyzer instead of side by side in a randomized order, which could be a weakness of this study.
The i-STAT was highly correlated with the Radiometer ABL 600
in the measurement of the iCa 2+ concentration in dogs and horses. 16 In clinically healthy cattle, the i-STAT was highly correlated with the reference analyzers regarding iCa 2+ measurements (r = 0.94 and 0.99). however, the slope was close to 1 and the intercept was acceptably close to 0 (Figure 1) . Similarly, the Deming regression analysis revealed the slope was close to 1 in the studies evaluating the i-STAT to assess iCa 2+ measurement in cattle and chickens. 7, 8, 18 Although the i-STAT produced constant and proportional errors, it provided clinically acceptable measures of iCa 2+ at around 1.2 mmol/ L in Asian elephants. 19 In the present report, the performance of the i-STAT for iCa 2+ concentration in bovine medicine was judged to be acceptable with the results of the Passing-Bablok regression analysis.
Moreover, the deviation from the identity line was not significant, suggesting that the i-STAT yielded reliable iCa 2+ concentrations in cattle. The Bland-Altman analysis is a suitable method to quantify agreement between two quantitative measurements by constructing limits of agreement and evaluating bias between two methods. 20, 21 In this study, the Bland-Altman analysis revealed no bias between the i-STAT and Radiometer ABL800 FLEX, and this result is in line with a previous study in which the i-STAT was compared with the AVL Omni (AVL Omni, 1-9; Roche Diagnostics Corp, Indianapolis, Ind), which was used as the reference blood gas analyzer. 7 However, in another study, the i-STAT showed a systematic negative bias (−0.05 mmol/L) in periparturient healthy cows and the limits of agreement varied from −0.01 to −0.09 mmol/L between the i-STAT and Radiometer ABL800 FLEX. 8 The i-STAT also underestimated iCa 2+ concentration in chickens even though the bias was not considered significant. 18 Clinicians were cautioned regarding the interchangeable use of reference intervals for bench-top blood gas analyzers against the i-STAT regarding iCa 2+ concentrations because of negative bias 8 ; however, the lack of bias detected between the i-STAT and the Radiometer ABL800 FLEX, in this study, shows that these analyzers could be used interchangeably for iCa 2+ measurements in bovine medicine.
Hypocalcemia has been a critical problem in the dairy industry for decades. Because hypocalcemia predisposes cattle to various metabolic and infectious disorders, diagnosing and monitoring hypocalcemia in cattle could be essential for determining effective therapies and prevent complications from occurring. Although the incidence of milk fever has decreased, the prevalence of subclinical hypocalcemia is still high in modern dairy cattle farms. 22, 23 Different thresholds have been used to define subclinical hypocalcemia. In some studies evaluating the effects of subclinical hypocalcemia in dairy cows, iCa 2+ concentrations <1.00 mmol/L measured by the VetStat and i-STAT were considered to be at the threshold of hypocalcemia. 2, 24 As an alternative, a total serum Ca 2+ concentration of 2.00 mmol/L was used as the cutoff value in some studies investigating the prevalence of subclinical hypocalcemia in dairy herds. 22, 23 Recent research showed that when total serum Ca 2+ concentration of ≤2.00 mmol/L was accepted as the cutoff value for hypocalcemia, the iCa 2+ threshold of ≤1.17 mmol/L determined by the i-STAT resulted in the highest combined sensitivity and specificity in early postpartum dairy cows. 6 At the iCa 2+ cutoff of <1.00 mmol/L, the i-STAT had very high Se (100%) and Sp (98.9%); however, the i-STAT yielded lower Se (94.81%) and Sp (63.64%) at the iCa 2+ cutoff of <1.18 mmol/L. Similar to our results, the i-STAT yielded very high Se (100%) and Sp (97%) at an iCa 2+ cutoff of ≤1.00 mmol/L in healthy periparturient cows. 8 These data indicate that the i-STAT is an extremely valuable POC analyzer to diagnose subclinical hypocalcemia during clinical examinations and in dairy herd surveys.
Despite good analytic and diagnostic performance of the i-STAT, the costly average price of the i-STAT analyzer and cartridges to measure iCa 2+ could limit the common use of the i-STAT for only iCa 2+ determination in field conditions. Therefore, a new, lower cost ion-selective electrode instrument has been evaluated in periparturient cows. 8 However, the i-STAT provides clinicians with an opportunity to measure blood sodium, potassium, and chloride concentrations in cattle with the cartridges that measure iCa
2+
. 25 This could provide large animal clinicians with important clues to diagnose disease and provide effective treatments, especially for cattle with periparturient diseases or endotoxemia.
In conclusion, the i-STAT measured iCa 2+ concentrations in agreement with the Radiometer ABL800 FLEX, and both analyzers could be used interchangeably to measure iCa 2+ concentrations. In particular, the i-STAT predicted hypocalcemia with high sensitivity.
Finally, the i-STAT is a useful POC analyzer that can be used safely in animal hospitals, ambulatory clinics, and dairy farms to evaluate iCa 2+ concentration in cattle.
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